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Microwave irradiation can be used as a facile and general
method for the construction of a wide variety of acridine deriv-
atives. The reaction involves a three component condensation
(with potential for combinatorial work) being carried out inhigh yields by microwave irradiation and considerably short-
ened reaction time. A major concern to overcome such prob-
lems in organic synthesis has considered the use of
microwave (MW) irradiation as a source of energy.
One-pot multicomponent coupling reactions (MCRs),
where several organic moieties are coupled in one step for car-
bon–carbon and carbon–heteroatom bond formation, is an
attractive synthetic strategy for the synthesis of small-molecule
libraries with several degrees of structural diversities
(Kianmehr et al., 2010; Orru and Greef, 2003; Domling and
Angew, 2000; Bienayme et al., 2000; Bora et al., 2003; Cui
et al., 2005; Huang et al., 2005; Domling, 2006; Bienayme
et al., 2000). Creation of new products in a single step via
one-pot multicomponent coupling reactions (MCRs) tech-
nique has been considered a highly economic method among
Figure 3 X-ray image of compound 3c.
Figure 2 X-ray image of compound 3b.
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method (Wang et al., 2009; Weber et al., 1999; Armstrong
et al., 1996; Omling and Angew, 2000; Ramon and Angew,
2005). It provides an efﬁcient and useful synthetic method of
diverse and complex compounds, as well as small and drug-like
heterocycles in a higher product yield than classical chemistry.
(Wang et al., 2007; Heravi et al., 2008; Willy and Mueller,
2008; Umkehrer et al., 2005; El Ashry et al., 2006; Vijjay
et al., 2003; Albert and Scott, 2006; Wang et al., 2008;
Badwa and Bur, 2007; Nicolaou et al., 2006). The importance
of these processes is underscored by a large number of publica-
tions (Syamala, 2005).
Acridine derivatives have a wide spectrum of biological
activities as antibacterial, antimalarial, anticancer and muta-
genic properties, acridine systems have attracted considerable
attention due to their potential pharmacological activity.
There are many industrial applications for acridine and its
derivatives which are well known compounds since the 19th
century when they were ﬁrst used as pigments and dyes
(Albert, 1996; Ramamurthy et al., 1996, 1998). Acridinium
cations with an endocyclic N atom substituent ﬁnd numerous
applications in immunological assays as well as in chemical,
biochemical and environmental analyses (Wro´blewska et al.,
2004). In the past years acridine systems have attracted consid-
erable attention due to their potential pharmacological activ-
ity; acridine and its hydro derivatives have high biological
activities such as anti-malarial (Girault et al., 2000; Gay
et al., 1996), antitumor (Sa´nchez et al., 2006), antileishmanial
activities (Carole et al., 2005), DNA-binding and DNA
photo-damaging ability (Yang et al., 2006), antimicrobial
activity (Cre´mieux et al., 1995; Shaikh et al., 2010), and potas-
sium channel blockers (Gunduz et al., 2009). These ﬁndings
prompted us to introduce an accelerated synthetic method in
the preparation of potentially biologically active derivatives
of hydroacridine compounds. Literatures showed no single
attempt to use amino alcohols for the synthesis of tetrahydro-
acridin-1,8-diones through microwave irradiation.
Chemical and pharmaceutical industries are facing con-
straints regarding the environmental aspects and saving
energy. A major concern to overcome such problems in
organic synthesis has considered the use of microwave (MW)
irradiation as a source of energy. In this study we implement
a new synthetic method for decahydro acridine-1,8-dione
derivatives 3a–c through three component condensation reac-
tions by microwave technique. The employed amino alcohols
1a,b exhibited an excellent substrate for the synthesis of acrid-
inediones under our reaction conditions.
Crystals of 3a–c were grown in diluted ethanolic solutions,
and their respective structures were determined by X-ray crys-Figure 1 X-ray image of compound 3a.tallography (Figs. 1–3). The structures conﬁrmed the stereo-
chemical assignment of the acridinedione derivatives 3a–c
and were identiﬁed as 10-(2-hydroxyethyl)-9-(2-hydroxy-
phenyl)-3,3,6,6-tetramethyl-,2,3,4,5,6,7,8,9,10-decahydroac-
ridine-1,8-dione (3a), 9-(5-bromo-2-hydroxyphenyl)-10-(2-
hydroxyethyl)-3,3,6,6-tetramethyl-1,2,3,4,5,6,7,8,9,10-decahy-
droacridine-1,8-dione (3b) and 9-(5-bromo-2-hydroxyphenyl)-
10-(2-hydroxypropyl)-3,3,6,6-tetramethyl-1,2,3,4,5,6,7,8,9,10-
decahydroacridine-1,8-dione (3c), respectively (Scheme 1).
2. Discussions
Microwave irradiation of an ethanolic solution of a mixture of
dimedone, appropriate aromatic aldehydes and amino alco-
hols in a stoichiometrical ratio 2:1:1, respectively, for 10 min
followed by evaporation of the solvent under vacuum afforded
the formation of a solid fused three membered ring of the
acridinedione derivatives 3a–c in an excellent yield (see
Table 1).
The X-ray crystal structure analysis of 3a–c was carried out
(see Figs. 1–3 in Section 3). It clearly demonstrated the three
fused hydro acridinedione structures along with the aromatic
and alcoholic chain substituents. The X-ray studies of the sin-
gle crystals of 3a–c showed that the three fused rings of acrid-
inedione moiety are not planar and are stabilized by intra- and
intermolecular O–H  O, C–H  O and C–H  Br hydrogen
bonds (Khalilov et al., 2011; Abdelhamid et al., 2011). Some
crystal data and some selected bond lengths have been
recorded (see Section 3).
The IR spectra showed characteristic absorptions between
33401–3410 cm1 and at 3339–3369 cm1 for the phenolic
and alcoholic hydroxyl groups, respectively. Absorptions
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Table 1 Yield and melting points of acridinediones 3a–c
obtained under microwave irradiation.
Compound Mp (C) Solvent Yield (%)
3a 189 Ethanol 80
3b 199 Ethanol 87
3c 235 Ethanol 91.3
476 A.A. Abdelhamid et al.between 2957 and 3010 cm1 were assigned for the aromatic
substituent while absorptions between 2886 and 2666 cm1
were attributed to asymmetric and symmetric aliphatic
stretches. The cyclic carbonyl group was remarked at a strong
stretch absorption between 1704 and 1716 cm1. The mass
spectra of 3a–c, exhibited the correct molecular ion peaks at
488 (100%) and 490 (100%) for the bromo isomers of 3b
and 502 (100%) and 505 (100%) for isomers of 3c. 1H NMR
spectra of 3a–c remarked a chemical shift betweens d= 10
and 9.8 ppm for phenolic OH group while alcoholic OH group
was observed at a chemical shift between 5.4 and 5.1 ppm.
Aromatic signals were observed at 6.8–7.6 ppm. Signal at
d= 3.8–4.5 was assigned for proton at C2 and C7, respectively
while peaks at 2.8–3.5 for protons at C4 and C5 were observed.
Ethyl protons were assigned at chemical shifts between 2.6 and
3.0 ppm for 3a & 3b and between 2.6 and 2.5–2.9 ppm for 3c.
Multiple peaks were observed at 1–1.5 ppm in 3a–c attributed
to the methyl groups of dimedone and that of isopropanol. 13C
NMR of 3a–c showed a characteristic peak at dC 198 ppm for
the carbonyl group and 155–157 ppm for the aromatic substi-
tuent. The chemical shift of C‚C in pyridyl ring appeared
clearly as two peaks at 129 and 130 ppm. C alcoholic appeared
between 68 and 62 ppm. Two peaks at 49 and 51 ppm were
attributed to two carbon atoms at C2 and C7 while a single
peak at 40 ppm was assigned to two carbon atoms of C3
and C6. Multiple peaks of the four methyl carbons of dime-
done were observed at 20 ppm for 3a–c while one single peak
appeared at 10 ppm and was attributed to the methyl carbon
atom of the isopropanol chain in 3c.
Formation of the stable hydro acridinediones 3a–c may
be rationalized by the initial formation of imine 4 as a result
of the condensation of the aromatic aldehydes 2 with the
appropriate amino alcohol 1 (see Scheme 2). The attack of
the enol form of dimedone on imine 4 could have affordedthe formation of adduct 5 which in turn underwent an inter-
nal arrangement to release aminoalcohols 1 and arylidenes 6.
The released aminoalcohols 1 might have reacted with
another molecule of dimedone to give the amino enone 7,
which in turn could have attacked through its nucleophilic
amino group the electrophilic carbon atom of the former
arylidene 6 to give the new imine 8. The unstable imine 8
might have been rearranged into the relatively stable struc-
ture of the hydroxy hydroacridinediones 9 which ultimately
could have stabilized easily into the title structure of hydro
acridinediones 3a–c by the elimination of a molecule of
water (Scheme 2).
3. Experimental
Mp’s were determined using open glass capillaries on a Gal-
lenkamp digital melting point apparatus and are uncorrected.
The IR spectra were recorded with Varian 3600 FT-IR instru-
ment using potassium bromide pellets. The 1H NMR
(300 MHz) and 13C NMR (75 MHz) spectra were measured
in DMSO-d6 using a Firm Bruker AV300 system with TMS
as an internal standard. Chemical shifts are expressed as d
[ppm], s for singlet, m for multiplet and b for broad. Mass
spectra have been obtained with Varian MAT CH-7 instru-
ment in EPSRC National Centre Swansea, United kingdom,
using electron impact ionization (70 eV). X-ray analyses have
been determined by X-ray Bruker Smart Apex II in X ray anal-
yses unit, Baku University, Baku State, Azerbaijan. For micro-
wave irradiation a Kenstar (OM-20ESP, 2450 MHz) domestic
microwave oven was used. All of the compounds in this study
exhibited satisfactory, mass, 1H NMR and 13C NMR spectra.
4. Materials
4.1. Starting materials
Benzaldehyde, 2-hydroxybenzaldehyde, 4-bromo-2-hydroxy-
benzaldehyde, 5,5-dimethylcyclohexane-1,3-dione (dimedone)
and 2-amino ethanol were used as received from chemical sup-
pliers (Aldrich). 1-Amino propan-2-ol was prepared according
to the literature (krasuskkiy, 1911). All employed solvents have
been distilled and dried.
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1,2,3,4,5,6,7,8,9,10-decahydroacridine-1,8-diones 3a–c
In a small beaker, a solution of 0.01 mol of aromatic aldehyde
2 was added to a solution of 0.01 mol of amino alcohols 1 in
ethanol and irradiated for 1 min. Then, a solution of
0.02 mol of dimedone (5,5-dimethyl-1,3-cyclohexanedione)
was added. The reaction mixture was continuously irradiated
under microwave oven (300 W) for 10 min; and was allowed
to cool down to room temperature. A yellow precipitate of
the N-alcohol derivatives of 3,3,6,6-tetramethyl-9-aryl-
1,2,3,4,5,6,7,8,9,10-decahydroacridine-1,8-diones 3a–c was
obtained in an excellent yield (average 86%). All products
were crystallized from ethanol and showed one spot on TLC
by using a mixture of isopropanol:heptane (3:1) as an eluent
(Rf = 0.95).
4.2.1. 10-(2-Hydroxyethyl)-9-(2-hydroxyphenyl)-3,3,6,6-
tetramethyl-2,3,4,5,6,7,8,9,10-decahydroacridine-1,8-dione: 3a
For crystal data and structure reﬁnement of 3a, please refer to
our previous work Ye et al. (2006).
Yield (80.7%), mp 189 C ; IR: cm1 3441(OH, phenolic
and alcoholic), 3031(Ar), 2857, 2886 (CH aliphatic), 1716
(C‚O), 1622 (C‚C); 1H NMR: d 10.0 (s, 1H, OH pheno-
lic), 7.2–7.6 (t, 4H, Ar), 5.7 (d, 1H, C9), 5.2 (s, OH alco-
holic), 4.5 (m, 2H, at C-2), 4.3 (m, 2H at C7), 3.4 (m, 2H
at C4), 3.0 (m, 2H at C-5), 2.5 (m, 4H of ethyl group),
1.3–1.6 (m, 12H, of 4 methyl groups); 13C NMR: dc 198
(C‚O at C-1, C-8), 155 (C‚C Ar), 128, 129 (C‚C, in
acridine fused rings), 115, 62(C–O alcoholic), 50, 48
(2CH2a at C2 and C7), 40 (quaternary carbon at C3 and
C6), 35 (CH2-CH2of ethanol) and 18–20 (C of 4Me
groups).4.2.2. 9-(5-Bromo-2-hydroxyphenyl)-10-(2-hydroxyethyl)-
3,3,6,6-tetramethyl-1,2,3,4,5,6,7,8,9,10-decahydroacridine-1,8-
dione: 3b
4.2.2.1. Crystal data and structure reﬁnement of 3b. Empirical
formula C25H30BrNO4; Formula weight 488.41; Independent
reﬂections 5137 [R(int) = 0.0714];Temperature 296(2) K;Com-
pleteness to theta = 27.00 and 99.7%; Wavelength 0.71073 A˚;
Max. and min. transmission 0.8427 and 0.6185; Space group
P2(1)/n; Density (calculated) 1.374 Mg/m3; Absorption coefﬁ-
cient 1.772 mm1; Crystal size 0.30 · 0.20 · 0.10 mm3.
4.2.2.2. Selected bond length [A˚] and angels [] in 3b. O(1)–
C(5) 1.220(3), O(2)–C(9) 1.244(4), C(5)–C(6) 1.453(4), C(8)–
C(9) 1.423(5), C(1)–C(6) 1.355(4) 1.355(4), C(8)–C(13)
1.345(4), N(1)–C(1) 1.398(3), N(1)–C(13) 1.393(4), O(4)–
H(4C) 0.8200, 1.895(4); O(1)–C(5)–C(6) 120.6(3), O(2)–C(9)–
C(8) 122.1(3), C(1)–C(6)–C(5) 120.7(3), C(13)–C(8)–C(9)
120.8(3), C(6)–C(1)–N(1) 119.2(3), C(8)–C(13)–N(1) 120.2(3),
C(13)–N(1)–C(1) 119.8(2), C(9)–C(8)–C(7) 118.7(2), C(5)–
C(6)–C(7) 117.7(2), C(6)–C(7)–C(8) 108.4(2).
For crystal data and structure reﬁnement of 3b, please refer
to our previous work Wro´blewska et al. (2004).
Yield (87%), mp 199 C; Recrystallised from ethanol; IR:
cm1 3410, 3339 (OH phenolic and OH alcoholic, respec-
tively), 2957 (Ar), 2886 (Aliph), 1704 (C‚O), 1595 (C‚C),
625 (C–Br); 1H NMR: d 9.8 (s, 1H, OH phenolic), 7.2 (s,
1H, Ar), 7.1 (d, 2H, Ar), 6.6 (d, 1H,C9), 5.1 (s, OH alcoholic),
4.15 (t, 2H, at C-2), 3.85 (t, 2H at C7), 3.0 (d, 2H at C4), 2.7 (d,
2H at C-5), 2.3 (m, 4H of ethyl group), 1–1.1(m, 12H, of 4
methyl groups); 13C NMR: d 197, 198 (C‚O, C-1, C-8),
155, 135 and 131 (C‚C Ar), 111, 112 (C‚C, in acridine fused
rings), 120 (C–N), 64(C–Br), 50 (C–OH), 20, 28, 30 and 32 (C–
C of CH, 3CH2 and 5CH3, respectively); M
+ isotopes 488
(100), 489 (30), 490(100), 491(30).
478 A.A. Abdelhamid et al.4.2.3. 9-(5-Bromo-2-hydroxyphenyl)-10-(2-hydroxypropyl)-
3,3,6,6-tetramethyl-1,2,3,4,5,6,7,8,9,10-decahydroacridine-1,8-
dione: 3c
4.2.3.1. Crystal data and structure reﬁnement of 3c. Empirical
formula C26H32BrNO4, formula weight 502.44, Independent
reﬂections 6209 [R(int) = 0.0663], Temperature 296(2) K,
Completeness to theta = 28.50 and 98.3%, Wavelength
0.71073 A˚, Max. and min. transmission 0.729 and 0.632, Space
group P21/n, Density (calculated) 1.342 Mg/m3, Absorption
coefﬁcient 1.684 mm1, Crystal size 0.30 · 0.20 · 0.20 mm3.
4.2.3.2. Selected bond length [A˚] and angels [] in 3c. O(1)–
C(1) 1.237(5), O(2)–C(8) 1.223(4), C(1)–C(9A) 1.443(5),
C(8)–C(8A) 1.467(4), C(4A)–C(9A) 1.361(5), C(8A)–C(10A)
1.345(4), C(4A)–N(10) 1.386(4), N(10)–C(10A) 1.398(4),
O(4)–C(19) 1.351(5), Br(1)–C(22) 1.890(4); O(1)–C(1)–C(9A)
121.5(3), O(2)–C(8)–C(8A) 120.8(3), C(4A)–C(9A)–C(1)
120.4(3), C(10A)–C(8A)–C(8) 121.0(3), C(9A)–C(4A)–N(10)
119.9(3), C(8A)–C(10A)–N(10) 119.6(3), C(4A)–N(10)–
C(10A) 119.9(3), C(8)–C(8A)–C(9) 117.2(3), C(1)–C(9A)–
C(9) 119.3(3), C(8A)–C(9)–C(9A) 108.0(3).
Yield (91.3%), mp 235 C; Recrystallised from ethanol;
IR: cm1 3401, 3369 (OH, phenolic and alcoholic), 2957
(Ar), 2871, 2666 (Aliph), 1 626 (C‚O), 1594 (C‚C), 667
(C–Br); 1H NMR: d 9.9 (s, 1H, OH phenolic), 7.3 (s, 1H,
Ar), 7.2 (d, 2H, Ar), 5.1 (s, 1H, alcoholic), 4.8 (s, 1H, at
C-9), 3.9 (s, 4H, 2CH2 of C-2, C-7), 3.2 (s, 4H, 2CH2 at
C-4, C-5) 2.8–2.9 (d, 2H, CH2 of propyl group), 2.5–2.7
(m, 1H, CH of propyl group), 0.9–1.2 (m, 15H, 5CH3);
13C NMR: 198 (C‚O), 153 and 130 (C‚C 62(C–Br), 49
(C–OH), 40, 22 and 18 (C–C of CH, 3CH2 and 5CH3,
respectively); MS m/z (%): M+ isotopes 502(100), 503(30),
504(100), 505(30).
5. Conclusion
In summary, we are reporting a new accelerated method for
the synthesis of acridine derivatives 3a–c in excellent yield
and few minutes time from simple common chemicals by using
the economical technique of three-component condensation
reactions assisted by microwave irradiation.
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